Background: This is a retrospective study on a group of patients with early glottic carcinoma, treated with curative radiotherapy. The aim of the study is to assess voice quality after treatment. We also evaluated local recurrence, overall survival, disease free survival and toxicity. Material and Methods: We examined a total of 36 patients, out of which 27 were smokers: 10 females/5 smokers; 26 males/22 smokers. The sample was observed from January 2007 All patients suffering from early glottic carcinoma, histopathologically confirmed, were classified as follows: 24 patients T1a, 3 patients T1b, 6 patients T2 and 3 patients had a carcinoma in situ. They were treated only with conventional radiotherapy. After the treatment (total dose 70 Gy), patients were asked to fill out the Voice Handicap Index (VHI) questionnaire, composed of 30 questions that covered physical, emotional and functional areas. Results: The global VHI was evidenced with good voice quality (62% of patients: VHI < 30; 34% of patients: VHI 31 -60). Vocal disability was mild in over 70% of patients within the physical area and over 80% within the emotional area. We observed two local recurrences, one occurred five years after the end of radiation therapy and one six months after. In terms of toxicity, we observed that acute reactions, such as dysphonia, dysphagia and erythema, were relatively limited. Conclusions: The VHI index suggests that radiotherapy produces acceptable functional results, with limited repercussion on life quality. In line with literature, our data confirmed good cure rates and larynx preservation (94.4%).
Introduction
Larynx cancer is the most common malignancy of the upper aerodigestive tract. In the United States, during 2013, the estimated number of new cases of larynx cancer was about 0.8% (12. 260) of all new cancer cases between both sexes. In the majority of cases, it was associated with smoke and prevailed among men. In fact, 79% of new cases occur among men, and the same percentage applies to estimated deaths [1] .
The treatment aim, for early invasive larynx carcinoma, is to obtain cure with laryngeal preservation associated with optimal voice quality and minimal morbidity [2] . At the moment, early stage cancer, classified as in situ carcinomas, T1 and T2, can effectively be treated with both radiation and surgery. The treatment of choice still remains controversial as there is insufficient evidence to establish
An Analysis of the Global and Partial Voice Handicap Index in Patients with
Early Glottic Carcinoma Treated with High Level of Irradiation
OPEN ACCESS JCT

22
one modality as superior to the other. There are no randomized trials comparing radiotherapy versus surgeries and the only randomized controlled trials comparing the two methodologies are limited to the reporting of study design and analysis [3] . In general, the rates of local control, laryngeal voice preservation and survival are comparable for patients treated with radiotherapy or transoral laser excision. If radiotherapy fails, salvage surgery is successful in 75% to 85% of the patients. In literature, local control rate is from 67% to 96% and larynx is preserved in 85% -97% of irradiated patients [4] . Usually, researches value effective treatment in terms of overall survival and disease free survival, with regard to toxic side effects, provable for a cost-effective valuation [5] [6] [7] [8] [9] . When different treatment strategies offer similar cure rates, resulting voice quality becomes paramount in the therapeutic decision. Quality of voice is recognized as an important endpoint, such as disease free survival and overall survival [10] . However, it is important to realize that the meaning of "voice quality" is still unclear and takes shades of meaning for each patient, his experience and his expectation. The voice quality is often said to be "functionally" normal, usually without a definition of functionality being given.
Mlynarek et al. [9] compared surgery and radiotherapy in terms of voice outcome in a retrospective comparative review of 36 patients with T1-2 glottic carcinoma and concluded that surgery tends to result in a better voice outcome.
We felt the need to value voice quality in patients after radiotherapy for laryngeal cancer. Frequently patients feel hopeless when receiving a diagnosis of larynx cancer, believing that treatment is necessarily related to voice loss, which is so important for social interactions. Several studies took care of voice quality problems following treatment of early glottic cancer, but results are contradictory [11] [12] [13] [14] [15] [16] [17] . The aim of this work was to quantify vocal disability and to realize if a worsening of voice quality resulted in limitation in social life. We evaluated local recurrence, overall survival, disease free survival and acute and late toxicity.
Methods and Materials
Patient selection. This is a single-Institute clinical study (Policlinico Umberto I, "Sapienza" University of Rome). Inclusion criteria were: early glottic carcinoma treated with radiation; a follow-up period of at least 12 months after the end of radiotherapy; no evidence of metastatic disease and no history of radiotherapy; absence of recently treated illnesses and/or other diseases interfering with either vocal function or general health at the time of inclusion; alive and still in follow-up program. Patients included in the sample had histologically confirmed early glottic squamous cell carcinoma and were staged, based on data in their charts, according to clinical classification of the American Joint Committee on Cancer AJCC (7th ED., 2010). Patients singed an informed consent.
Treatment plan. All patients underwent nasopharyngolaryngoscopy, biopsy and complete blood count. Imaging included thin-cut CT and/or MRI of the head and neck and a chest X-ray. Preventive dental care occurred 15 days before radiotherapy and nutrition evaluations too. Patients were assessed for toxicity weekly and underwent weekly complete blood counts. They were treated supine and were immobilized in a thermoplastic shell, fixed to the couch in at least three places. Shoulders were positioned as inferiorly as possible, permitting lateral radiation beams to treat the larynx without the need to angle them. CT scan was performed with 5 mm slices obtained from base of skull to the top of the aortic arch. CT data were sent to the Treatment Planning Software (Pinnacle   ®   ) for target volume definition and dose solutions. The planning target volume (PTV) encompassed the glottic larynx. Superior and inferior field border were inferior margin of hyoid bone and inferior margin of cricoid cartilage, respectively. Anterior field border was 1 cm to the skin and posterior border was the anterior edge of the vertebral body. Radiotherapy dose given was 70 Gy in 35 daily fractions, for 7 weeks, using a 6 MV linear accelerator. We used electronic portal imaging to verify treatment set-up; portal images, taken weekly, were compared with DRRs from the planning CT scan.
Voice handicap index analysis. Patients were surveyed 12 -13 months after the end of radiation therapy using a validated questionnaire, The Voice Handicap Index (VHI) proposed by Jacobson et al. [2] , and used in several assessments that can be found in recent literature [4, 8, [11] [12] [13] [14] [17] [18] [19] [20] .
The questionnaire comprises 30 items that allow to evaluate voice quality and its influence on patient's psychology and on his social life. Questions list is reported in Table 1 .
The items are grouped in three sections that relate to physical, emotional and functional area (10 questions for each area). Possible answers were the following: never (0), almost never (1), sometimes (2), almost always (3), always (4). The multi-item scale scores were converted linearly to a 0 -120 scale, with higher score representing worse vocal disability: mild (VHI < 30), moderate (VHI 31 -60), severe (VHI 61 -90) and very severe (91 -120). The same criteria can be applied to evaluate each area of the VHI (mild: VHI < 10, moderate: VHI 11 -20, severe: VHI 21 -30, and very severe: VHI 31 -40).
The methodology applied provides high data-quality standards and has produced a positive effect in terms of relation with the patient. We clarified all questions to patients to avoid any possible mis-interpretation, and specified the meaning of each score, to prevent (or at least limit) wrong score attribution. The time of completion has been, on average, 10 minutes. Therefore, time for completion can be fit within the therapy control protocol.
Data and statistical analysis. Overall survival and disease-free survival were considered in months from the end of the treatment. Standard descriptive statistics were used to evaluate the distribution of each answer. Univariate analysis, using Fisher's exact test, was performed to determine statistical significance.
Results
Patient characteristics. We observed a total of 36 patients: 10 females and 26 men; the patients' age range was 43 -86 years (average 66.75); 27 patients were smokers (22 males/5 females). On a total of 36 cases of early glottic carcinoma, 3 patients were diagnosed with carcinoma in situ, 27 patients with T1 squamous cell of the vocal cord (of these 3 patients were T1b), 6 patients with T2 glottic carcinoma. All patients were fully active or restricted only in physically strenuous activity (ECOG performance status 0 -1).
Toxicity and survival. Severe acute toxicity were not recorded. Dysphagia was the most common symptom and the earliest manifestation of acute toxicity. Grade 1 or 2 acute toxic effects that occurred among patients are summarized in Table 2 . As of July 2013, surviving patients had been monitored for an average period of 33.5 months (range, 12 -76). Out of these 36 patients, 22.2% were followed for at least five years, 5.6% for at least four years, and 19.4% for at least three years. No deaths occurred during follow-up. Local recurrence occurred in two patients: both patients underwent surgery, requiring total laryngectomy. None had distant recurrences. The overall survival was 100%. The rate of disease-free survival was 94.4%.
Voice handicap index. Patients underwent subjective voice assessment. To quantify patient opinion regarding the impact caused by radiotherapy, the Voice Handicap Preliminary data analysis has evidenced consistent answers. Within each of the three areas there is a concentration on the answer "never".
In the physical area, the answer "never" to questions P3, P5, P6, P7, P8 has uniform frequency between 70 and 80%; frequency in answer "almost always" is higher than answer "sometimes" (except for questions P3 and P8). In the emotional area, all answers have same frequency, at a level of 70% -80% except for questions E4 and E10. In the functional area, data are more homogeneous: answer "never" is significantly more frequent than the others (about twice, at a level of 50%) in questions F6, F7, F8, F9, F10; in questions F4 the answer "sometimes" is the most frequent (34%). Frequency range, for each area, are reported in Table 3 . Table 4 summarizes results of our analysis, reporting VHI for physical, emotional and functional areas and global VHI, for each patient. Among the total answers, average VHI was 24.34, with a standard deviation of 15.77, with exclusion of one outlier data; VHI and standard deviation for the three areas were the following: 6.41/6.82 in the physical area, 4.83/7.14 in the emotional area, 13.10/8.73 in the functional area. The comparison of final results among the groups (global vs area) does not show significant differences.
Vocal disability was mild in over 70% of the patients, within the physical area and in over 80% of the patients within the emotional area. Within the functional area, vocal disability resulted mild in 35% of the patients and moderate for 35% of the patients. The global VHI underlined good voice quality (62% of patients: VHI < 30; 34% of patients: VHI 31 -60).
Discussion
The patients' age is similar to other published studies, and therefore highlights that malignant laryngeal tumors are more frequent in the sixth and seventh decades of life [8, 13, 21] . Moreover, it is estimated that about 75% of larynx cancer are attributable to cigarette smoking as we show in our data.
Concerning data acquisition, more synthetic questionnaires can be found in literature, such us a questionnaire [4] made of the following 5 questions: Does your voice sound deviant, e.g. breathy or rough?; Do you encounter problems holding conversation due to your voice?; Do you encounter problems making a telephone call due to your voice?; Do you encounter problems shouting?; Do you have to strain to produce voice? Dutch experiences favours the 5-item questionnaire for four main reasons: 1) the questions are simple, 2) patient do not need help completing the questions, 3) completion of the questionnaire takes less than 2 min, and 4) interpretation of the results is straightforward. From a statistical point of view, reliability (assessed by test-retest intraclass correlation coefficients), internal consistency, interrelation (assessed by Cronbach's alpha, and Spearman correlation coefficients), and predictive validity (p values) proved to be good.
In our study, we selected the extensive questionnaire to allow results' comparison with our previous researches [19] , to include emotional components in post-treatment assessment, relevant for patients' quality of life, and to obtain a more detailed picture of each patient's overall heath.
Voice quality after radiation for larynx cancer is typically very good and superior to surgery and improves a few months after irradiation [11, 22] .
There are few papers in literature assessing voice after radiotherapy or laser surgery, and only rarely is there a comparison with a control group of normal individuals [4, [11] [12] [13] [14] 18, 21] . For T1-2 N0 glottic cancer, hypofractionated radiation is usually preferred, administering a total dose of 63 Gy at 2.25 Gy/fraction per day, 5 days/ week [23] . If 2 Gy/fraction is used, a total dose > 66 Gy is commonly recommended. Lee et al. [24] noted that in the Tis/T1 squamous cell carcinomas of the glottic subgroup, doses ≥ 66 Gy were associated with significantly higher local control (versus doses < 66 Gy). Confident of improved local control is achieved with doses ≥ 66 Gy (with conventional use of 2 Gy fractions), we have used a total dose of 70 Gy at 200 cGy/fraction to the PTV. Comparing hypofractionation and conventional treatment regimens, the biological equivalent dose valuation shows how a total dose of 63 Gy with 2.25 Gy/frac-tion (α/β tumor = 10) is equivalent to a dose of 64.31 Gy, while a total dose of 60 Gy at 2.4 Gy/fraction is equivalent to 62 Gy in 2 Gy daily fractions. In our series, because of the higher dose, there was the possibility of poor voice quality. Whereas VHI index analysis shown a voice disability even inferior to that reported in literature [13, 14, 18] .
Peeters et al. [13] compared voice quality in a cohort of patients treated by radiotherapy or endoscopic laser surgery for T1a glottic carcinoma. The results were worse in patients treated with radiation, using 50 -70 Gy in 20 -35 daily fractions: a mild vocal disability was reported in 40% of these patients. Jepsen et al. [14] describe voice outcome, using VHI index, in patients treated for laryngeal cancer, with or without adjuvant radiotherapy. The average VHI of patients treated for glottic cancer was 42.2. Levendag et al. [18] reported a VHI of 12.7 in 164 patients with T1a glottic cancer, using a 4D conformal technique for single vocal cord irradiation. Di Nicola et al. [19] considered a total of 40 patients with T1 squamous cell carcinoma of the true vocal cord. 18 patients were treated with 66 Gy in 33 daily fractions of 2 Gy and 22 patients received a total dose of 60 Gy in 25 fractions of 2.4 Gy. The average VHI 1 year after the end of radiotherapy was 23.2 (SD 12.4) and no significant difference between the two arms was documented.
Acute reactions to radiotherapy were mild and were managed with topical anesthetics, anti-inflammatory agents and moisturizer. Despite the high level of irradiation (70 Gy), treatment was well tolerated. No patients resulted in a treatment break. Toxicity was assessed according to Common Toxicity Criteria (Version 2.0): highest frequency of dysphagia G2 (18 patients) was observed during III week of treatment, while highest frequency of erythema G1 occurred in V and VI week (6 and 7 patients respectively). Four patients revealed dysphonia during V week and it persisted for 4 -5 weeks. Toxicity late effects, such as laringeal edema, were not observed, probably considering fraction size: all patients received 70 Gy in 7 weeks at 200 cGy/fraction. The incidence of laringeal edema increases with greater total dose, field size, dose per fraction and T stage [25] . In several studies [26, 27] the incidence of severe late complications was higher in patients who received greater than 2.25 Gy per fraction.
Conclusions
Therapy outcome has been satisfactory in terms of overall survival, disease free survival, voice quality and toxicity. No deaths occurred during follow-up (mean 33.5 months) and local recurrence occurred in two patients only.
With regard to VHI, questionnaire selection proved to be effective as we gathered consistent answers, we covered three areas of interest (physical, emotional, functional) and we improved our relationship with each patient. Our statistical analysis, resulted in a slightly better VHI than average data found in recent literature. Therefore we confirm that radiotherapy produces acceptable functional results, with limited repercussion on patient's life, as evidenced by the VHI. We did not observe any severe toxicity and we only reported mild reactions (few cases of dysphagia, dysphonia and erythema) despite a total dose of 70 Gy.
